Objectives-The diagnostic implications of finding non-fibrous inorganic particles in bronchoalveolar savage (BAL) fluid has not been fully assessed. The aim of this study has been to measure the silica and non-fibrous silicates in BAL fluid from populations with different exposures to inorganic dust, and to find whether such measurement is useful for diagnostic purposes.
Materials and methods-BAL samples from 19 subjects with only environmental exposure to inorganic dust (group A, mean (SD) age 50.7 (15.2)), 23 subjects with normal chest x ray films exposed to silica or silicates at work (group B, mean (SD) age 52.0 (12.4)), and 15 subjects with a previous diagnosis of silicosis (group C, mean (SD) age 68.0 (6.5)) were studied. Absolute and relative cell counts were found, and the samples were prepared for microanalysis by electron microscopy (EM). Firstly, semiquantitative x ray microanalysis was performed to find the level of silicon (Si) (peaklbackground Si) and this was followed by microanalysis of individual particles by EM. Variables related to the level of Si detected were assessed with multivariate analysis. Results-Detected levels were higher in group B (2.09, 95% confidence interval (95% CI) 1.56 to 2.82) and C (1.50, 95%CI 1.07 to 2.12) than in group A (0.87, 95% CI 0.66 to 1.16) (P<0.05, Dunett t test). A first multivariate analysis showed that exposure to silica or silicates was the only determinant of the level of Si expressed as log peak/background Si, when adjusted for age, sex, smoking habit, and cell count. A second multivariate analysis with microanalysis ofindividual particles as an independent variable showed the silica count to be the main predictor of detected concentration of Si. Silica and nonaluminium silicates together explain 55.5% (R2) ofthe variation in detected levels of Si. Conclusions-Detected levels of Si in BAL fluid depend on silica count and are higher in subjects with exposure to inorganic dust at work, but will not discriminate between exposed subjects with and without silicosis. Because semiquantitative x ray microanalysis does not accurately define exposure to non-silica inorganic particles, this measurement must be followed by EM During the EM examination of a biological sample semiquantitative x ray microanalysis (SXM) can also be performed. The SXM is a non-time-consuming approach to EM microanalysis that measures the various elements present in a sample, considering all the inorganic particles together, and has previously proved its usefulness to discriminate between silicosis and fibrosis not due to exposure to inorganic dust in samples of lung tissue" and BAL.2" The SXM can be performed together with EM microanalysis of individual particles, which provides a more detailed description of the elemental composition of the inorganic particles present in the sample. In this study, SXM of BAL samples from subjects with Electron microscopic microanalysis of bronchoalveolar savagefor silica and silicates dust (group C: International Labour Organisation (ILO) score equal to or higher than 1/1; mean (SD) age 68.0 (6.5) years; 14 men, one woman; eight smokers, five exsmokers, two non-smokers; zero currently, 15 formerly exposed to dust; 13 with silicosis, two with mixed dust disease with exposure to silica and silicates) (tables 1, 2, and 3). All patients meeting the inclusion criteria (group A: environmental dust exposure; groups B and C: exposure to silica or silicate dust at work) and with a clinical indication for performing bronchoscopy (pulmonary nodule or haemoptysis) who were seen at a chest clinic over a nine month period were included in the study. Patients were included in groups A and B only if the chest x ray film did not show any opacity suggestive of pneumoconiosis (ILO 0/-).
Patients in group B, with a history of occupational exposure but with no interstitial lung disease, worked in a variety of occupations associated with exposure to silica or silicate dust: 10 construction workers, two quarry workers, six foundry workers, one paint manufacturer, one lead miner, two potters, and one glass manufacturer (table 2) . Silicosis related to mining, quarrying, pottery, foundry, or metal working was the most common diagnosis in group C patients, two of whom were also diagnosed as having mixed dust disease (coal mining and exposure to silica or silicates in tunnel drilling) ( A low magnification viewing screen was selected for SXM (x20.4) so that the entire filter could be microanalysed. The elemental composition of all the inorganic material present on the filter was found with energy dispersive x ray analysis (EDAX 9800) (working conditions: 100 S; 20 KeV). In brief, all the atoms on the filter were impacted by the electron beam. The excited atoms emitted x ray photons at frequencies typical for each element and the x ray photons were detected by an x ray spectrometer, analysed, and recorded. The profile was analysed by computer (RT-1 1 Digital) to calculate the detection limit (counts) of every element with an atomic number > 10, by determining the area under the peak for the element and correcting for background concentrations. The detection limit of an element in the sample was thus a semiquantitative measurement reflecting the proportion of the sample a given element accounted for. Peak/ background ratio was selected to express the elemental content25 because peak/background adjusts the peak concentration of every element by the background concentration and is more accurate than % x ray counts.25 All individual particles were seen at magnifications >1000, and the samples of individual particles were considered suitable for EM microanalysis if there was no accumulation of particles in multilayers and the inorganic particles were clearly visible. Twenty seven subjects gave suitable samples, and in these cases particles were counted and their elemental composition was identified. When the number of particles was high 20 randomly selected particles were counted and microanalysed. In all cases the area of the policarbonate filter examined was the same (AM2). Inorganic particles were identified as silica, fibrous silicates, non-fibrous 6.5 (6.9) 18.8 (3.8) 0.0001 * Significant differences (Mann-Whitney U test). t Groups B and C were considered as one cohort (exposed to silica or silicate dust with normal or interstitial chest x ray). When the number of particles was high in the examined area 20 randomly selected particles were counted and microanalysed.
Nf = non-fibrous. CI 1.26 to 3.21) found in the subgroup without recent exposure. Exposed subjects (groups B and C) showed higher absolute cell counts than did nonexposed subjects (group A), with a clear difference between groups A and B (table 4) . Pigmented macrophage ratios were also higher in exposed patients (groups B and C), but the difference between these and the controls (group A) was not significant when their 95% CIs were taken into account (table 4) .
EM MICROANALYSIS OF INDIVIDUAL PARTICLES
Individual particles were counted and their elemental composition determined for six subjects from group A and for 21 subjects from groups B and C. Because levels of Si detected by SXM were similar in the two groups of subjects (groups B and C) exposed to inorganic dust they were considered as a single cohort (group B+C) in this part of the study (table 6) .
Counts of inorganic particles were clearly lower in group A than in group B+C (table 6) and multivariate analysis showed that only silica and non-aluminium silicates entered the model and explained most of the variability of log peak/background Si (R2=55.5%). Moreover, silica counts were clearly a better predictor of peak/background variability (P=0.0001) than were non-aluminium silicates counts (P=0.0012) in the model.
Discussion
Asbestiform bodies can be easily identified in BAL fluid through an optical microscope and their counts correlate well with those in lung tissue."4 '5 Microanalysis by EM, however, provides more detailed, diagnostically useful information on the different types of nonfibrous inorganic particles present in the lower airway. '9 26 This approach was used by Dumortier et al to study 51 subjects who were occupationally exposed to different types of nonfibrous inorganic dust. In that study inorganic particles seen with EM were identified as silica, aluminium non-fibrous silicates, other nonfibrous silicates, and metals.'6 Other studies have determined inorganic particle content of lung tissue in populations with different occupational or environmental exposures.27 28 Relative counts of inorganic particles in BAL fluid and lung tissue have also correlated well, suggesting that EM microanalysis of BAL fluid can be used to study dust exposure.29
Our results show that SXM of BAL accurately reflects the elemental composition of occupationally inhaled inorganic dust. Levels of Si detected for patients in groups B and C, who were exposed to silica or silicate dust at work, were higher than those found for patients in group A, who had never received such workplace exposure (P<0.05). A history of occupational exposure to silica or silicate dust was the only determinant of the level of Si detected in BAL fluid, expressed as log peak/background Si, when adjusted for age, sex, smoking, and BAL cell count at the multivariate analysis.
Level of Si detected can reflect both silica and silicates present in the microanalysed sample, but the EM microanalysis of individual parti-cles performed in our study showed that the amount of silica in BAL fluid is the main determinant of the level of Si detected, although non-aluminium silicate content is also relevant to a lesser degree. These two counts of inorganic particles explain most of the variability of log peak/background Si in BAL fluid (R2=55.5%).
Our data confirm that SXM can recognise considerable exposure to Si or silicate dust, but will not differentiate healthy exposed subjects (group B) from patients with silicosis (group C), as shown by the lack of significant differences in log peak/background Si between these two groups. Group C subjects had slightly lower levels of Si detected, a finding that might be accounted for by either lung fibrosis or age (figure). Lusuardi et al similarly used SXM in subjects exposed and not exposed to Si or silicate dust to find the level of Si detected in BAL fluid, expressing the results as a Si/S ratio, and found high levels in subjects with occupational exposure to inorganic dust. 23 In that study the level of Si detected was different between subjects with interstitial lung disease unrelated to exposure to inorganic dust and subjects with pneumoconiosis, but as we found in our study, high values are found not only in subjects with pneumoconiosis, but also in exposed subjects without interstitial lung disease. Levels of Si in BAL fluid expressed as peak/background Si proved in our study to have good specificity (78.94%) and sensitivity (55.56%) for recognising exposure to silica or silicate dust. This finding points to the importance of first calculating peak/ background Si before performing EM microanalysis of individual particles when EM microanalysis is planned, because a positive peak/background Si result can easily identify unsuspected but important workplace exposure to silica or silicates.
Subjects exposed to inorganic dust recorded slightly higher cell counts and pigmented macrophage ratios than did control subjects, as is often found in people exposed to this kind of dust.-"" Multivariate analysis did not show the absolute cell count to be a determinant of level of Si detected. Similarly, remoteness of exposure to dust does not seem to be related to levels of Si detected, as peak/background Si values found in patients currently exposed to dust were not significantly different from those of patients exposed in the remote past. This finding agrees with previous studies of lung dust deposition."9 Clearance of inorganic particles from the lung is very slow, and explains the persistence of inorganic particles in BAL or lung tissue over long periods.0 [33] [34] [35] In our study, individual particle EM microanalysis specified the nature ofthe burden found in patients with high levels of Si. Patients exposed to inorganic dust showed high counts of inorganic particles, mainly silica particles. The multivariate analysis performed found that silica is the main determinant of the levels of Si found in BAL fluid. Non-aluminium silicates are also related to levels of Si detected but to a lesser degree, and are clearly not a main determinant of levels of Si detected. Levels of Si detected can therefore be considered a useful approximation of silica content of BAL fluid. Because patients in groups B and C had been exposed mainly to Si or silicate dust, however, these results cannot be extrapolated to other populations exposed to inorganic dust. Different results can be expected in patients who were occupationally exposed to metal or pure silicate dust, and in such cases EM microanalysis of individual particles will be needed to establish the precise nature of the burden. Bernstein et al used EM microanalysis of individual particles to study BAL samples from dental technicians and a control population of environmentally exposed subjects, and found in the technicians not only high counts of silica particles, but also a heavy burden of particles of Al and Ni-Cr alloy. 36 Our results confirm that EM microanalysis of BAL fluid is a useful way to study the inorganic particle content of the lower airway. When exposure to silica dust is suspected, SXM will be a useful preliminary, non-time consuming approach, because detection of a high level of Si is highly specific for clinically obvious exposure to silica dust and can identify clinically unsuspected cases of exposure to silica or silicate dust. The SXM must nevertheless be followed by EM microanalysis of individual particles in most cases, particularly when exposure to silicates or metal dust is suspected, because the semiquantitative approach will fail to recognise such occupational exposure. 
